The ternary mixture of crotonaldehyde with iodine in n-hexane has been studied extensively from the view point of their acoustic and molecular interaction studies at 293.15, 298.15, 303.15 and 308.15K. Experimental values are used to compute derived parameters. By using the ultrasonic velocity (U), density (ρ) coefficient of viscosity (η), the other acoustical parameters adiabatic compressibility (κ), free length (L f ), interaction parameter (χ i ) and molar volume (V m ) are calculated. The ultrasonic velocity decreases with concentration at 0.006M. It reveals the weak interaction that takes place at 303.15K of the ternary mixtures. The study reveals that weak interaction takes place at higher temperatures of the ternary mixtures.
INTRODUCTION
Ultrasonic studies play an important role in the investigation of intermolecular interactions between the molecules. Ultrasonic waves have acquired the status of an important probe for the study of structure and properties of matter. The structural arrangements are influenced by the shape of the molecules as well as by their mutual interactions 1 . The significant information of ternary liquid mixtures on the physicochemical behavior of ultrasonic wave propagation influences the physical properties of the medium. The variation in acoustic properties with temperature provides added information regarding the binary and ternary system. The sign and magnitude of non-linear deviations from ideality as a function of composition and temperature may be ascribed to the presence of strong or weak interactions between unlike molecules. Ultrasonic velocity is related to the binding forces between the atoms or the molecules and has been adequately employed in understanding the nature of molecular interaction in pure liquids, binary and ternary mixtures. Many studies have been done to find out the interactions in binary and ternary liquid mixtures by means of acoustic properties, viscometric and thermo dynamical properties of the ternary system [2] [3] [4] [5] [6] [7] . The present investigation deals with three important liquids namely n-hexane, crotonaldehyde and iodine. The liquids under investigation are very useful chemicals and of industrial significance. Hexane is used in industrial manufacture of benzene, preparation of higher fatty acids and corresponding nitroalkanes, haloalkanes, sulphonic acids and lower alkanes. The variation of ultrasonic velocity and related parameters throw much light upon the structural changes associated with the liquid mixtures having weakly interacting components as well as strongly interacting components 8 . The ultrasonic velocity (U), viscosity (η), internal pressure (π i ), adiabatic compressibility (κ) and free volume (V f ) throws light on the nature and degree of molecular interaction occurring in the ternary system. Hence, the derived parameters listed above have been obtained to explore the interactions crotonaldehyde with iodine in n-hexane at 293. 15 
EXPERIMENTAL
In the present work, the densities (ρ) and Ultrasonic velocities (U) of ternary mixtures of crotonaldehyde with iodine in n-hexane at 293.15, 298.15, 303.15 and 308.15K over the entire composition range are measured in different concentrations. The solvent has taken as accurately weighted amount of sample is dissolved in suitable solvent to obtain solution in the concentration range 0.001M -0.01M. The ultrasonic velocity (U) has been measured by ultrasonic interferometer (Model F81 Mittal enterprises, New Delhi) at a frequency of 2MHz with an accuracy of ±0.1. The chemicals used in the present work were analytical reagent (AR) and spectroscopic reagent (SR) grade with minimum assay of 99.9 % were obtained from SD Fine Chemicals, India and E-Merck, Germany. The temperatures are controlled by circulating water around the liquid cell from a thermostatically controlled water bath (accuracy ±0.1°C). The various physical parameters are calculated from the measured values of density (ρ), viscosity (η) and ultrasonic velocity (U). Using standard formula the following acoustical parameters have been calculated:
Intermolecular free length (L f ) has been calculated from the relation, L f = K/√ Uρ Ả (2) Where K is a temperature dependent constant. These two parameters basically depend on the interaction phenomenon and they represent the strength of the interaction present in the component molecules [10] [11] . Free volume (V f ) has been calculated from relation, 
RESULTS AND DISCUSSIONS
The experimentally determined values of the density (ρ), ultrasonic velocity (U), adiabatic compressibility (ĸ), intermolecular free length (L f ), free volume (V f ) and internal pressure (π i ) and other acoustical parameters for the ternary liquid systems at 293.15, 298.15, 303.15 and 308.15K are reported in Table-1. In the present investigation, ultrasonic velocity measurement is used to assess molecular interaction between crotonaldehyde with iodine in n-hexane. In all the mixtures, the ultrasonic velocity (U) decreases with increase in concentration and a sudden increase at a concentration of 0.007M at 293.15K. This behavior at such concentrations is different from the ideal mixtures behavior can be attributed to intermolecular interactions in the systems studied 12-13. However, the value of compressibility (κ) shows an inverse behavior as compared to the ultrasonic velocity (U). The adiabatic compressibility (κ) increases with increase of concentration and a sudden decrease at 0.007M at 293.15K. It is primarily the compressibility that increases due to structural changes of molecules in the mixture leading to a decrease in ultrasonic velocity [14] [15] [16] . Ultrasonic velocity decreases with increase in temperature up to 303.15K and it suddenly decreases at higher temperature of 308.15K. At 308.15K, ultrasonic velocity is maximum at the concentration of 0.005M and 0.006M and after that, it gradually decreases. Such a continuous increase in adiabatic compressibility with the increase of molar concentration is due to the effect of hydrogen bonding or dipole-dipole interactions and it indicates significant interaction between crotonaldehyde and iodine forming dipole-dipole interactions. The intermolecular free length (L f ) is a predominant factor in determining existing interactions among the components of the mixture. The parameter basically depends on the interaction phenomenon and they represent the strength of the interaction present in the component molecules [17] [18] . Analyzing the respective Tables 1 and 2 , it is noticed that the free length (L f ) decreases in the liquid systems with the increasing concentration of crotonaldehyde. Free length is increasing at the concentration of 0.005M at 293.15K. But, a sudden increase at 0.006M and again it increases with concentration. The additions of interacting molecules break up the molecular structure and releasing several dipoles for interaction. This is due to the addition of interacting molecules; there will be an increase of cohesive energy hence the free length (L f ) increases in the mixture after mixing. Similarly, free length is maximum at 298.15K and 303.15K and it is decreased with further increase in concentration and it releases several dipoles for interaction. In view of greater force of interaction between the crotonaldehyde and iodine, there will be an increase in cohesive energy and hence an increase in free length (L f ) is observed. Similar observation is noticed by earlier workers 19. Free volume and the internal pressure shows reverse trend at 0.007M. The internal pressure (π i ) is the resultant of force of attraction and force of repulsion per unit area between the components. In this liquid systems, the internal Pressure (π i ) increases at the concentration of 0.007M at 303.15 and 308.15K. The free volume decreases with increase in concentration of crotonaldehyde with iodine in n-hexane mixtures as shown in Figure-1 . This is due to the intermolecular association between the solvent and solute with information of bigger molecules. At all the concentrations, due to increase in temperature, the internal pressure increases as in decrease of free volume. It is characterized by structure-formation due to the presence of ions of greater charge. The increase in free volume with temperature is because the effect of temperature is to disturb the equilibrium of H-bonded structure of molecules. This suggests that the close packing of molecules inside the Shield, which may brought about by the increasing magnitude of interactions 20-21. The acoustical impedance (Z) is another parameter, is the product of velocity and density of mixtures. Further, in the liquid systems, the value of acoustic impedance (Z) is found to be decreased, which are listed in Table- When an acoustic wave travels in a medium, there is a variation of pressure from particle to particle. The ratio of the instantaneous pressure excess at any particle of the medium to the instantaneous velocity of that particle is known as 'specific acoustic impedance' of the medium. This factor is governed by the inertial and elastic properties of the medium. It is important to examine specific acoustic impedance in relation to concentration and temperature. When a plane ultrasonic wave is set up in a liquid, the pressure and hence density and refractive index show specific variations with distance from the source along the direction of propagation. In the present investigation, it is observed that the acoustic impedance (Z) increase with increasing concentration of crotonaldehyde and it is maximum at 0.005M at 298.15K, while it is minimum at 0.006M. Such a decrease in acoustic impedance (Z) is further supports the possibility of strong molecular interactions due to dipole-dipole interaction between iodine and crotonaldehyde. When the temperature is increased, the acoustic impedance is decreasing. It is increased at 308.15K.This suggests that the presence of ion-solvent interaction in the systems. This report supports our view that ion-solvent interaction increases with increase in concentration in the solvent mixtures. The free energy of activation (∆G * ) and relaxation time (τ) are intrinsic properties of charge transfer complex 22 . It increases with temperature up to 303.15K and it is minimum at 308.15K. From the Figure 2 , the molar volume (V m ) of the components is studied. It increases with increase in concentration. A perusal on the magnitude of LJP indicates that it is in the range of hydrogen bonding type of interaction.
The values of available volume increases with increase in concentration. The interstitial accommodation because of differences between the molecular sizes of the mixing components might be another factor behind the interaction observed. The relaxation time (τ) shows the decreasing trend. Figure 3 shows the interaction parameter (χ i ) are found to be negative which strongly confirm the presence of weak between the unlike molecules at 303.15K and 308.15K. 
Excess Parameters
The thermodynamic excess functions are found to be very sensitive towards mutual interactions between the component molecules of the liquid mixtures. The sign and the extent of deviation of these functions from ideality depend on the strength of interactions between unlike molecules. The excess functions are calculated by using the following general equation
Where 'Y' represents the acoustical parameter and 'x' be the mole fraction of solute The deviation of acoustical parameters from their ideal behavior is calculated and the excess values for velocity (u Table 3 for the liquid mixtures at 303.15K. The values of excess velocity are negative through the whole range all the concentration. The plot of excess velocity (u E ) shows the non linear trend with concentration in all the liquid mixtures which reveals that there is some specific interactions between components of the mixtures. The intermolecular interactions and the formation of CT complexes are evident from the negative deviation of u E at specific concentrations in the systems. The change of sign of u E is an evidence for the lesser magnitude of interactions between solute molecules. The disruption of dipolar association of like molecules and the existence of strong solute -solvent interactions may be the reason for the negative deviation in ultrasonic velocity. Figure-4 shows the variation of excess compressibility (κ . In the present study, the excess adiabatic compressibility and excess free lengths values which are to be increasing values over the whole composition ranges for all concentration of a mixture and it shows the weaker interaction between the components of the mixtures. The dissociation of like molecular attraction and the existence of weak interactions lead to the positive contribution to these excess functions. The excess molar volume ( V E m ) values which are furnished in Table-3 whose negative deviation clearly supports the existence of specific interactions as shown in Figure 6 . The comparison between the free volume (V f ) and the internal pressure shows the reverse trend and it will be maximum at 0.007M. It is also found to be increased with increasing concentration and leads to expansion of volume. It indicates dipole-dipole interaction at all the concentrations between the unlike molecules.
CONCLUSION
From the above observations, it may be concluded that the existence of intermolecular interaction. The free length (L f ) increases with increase in the concentration of solute at 303.15 and 308.15K indicating that there is a weak solute-solvent interaction. This may also imply the increase in number of free ions, showing the occurrence of ionic dissociation due to weak solute-solute interaction, while the free length (L f ) in the percentage of organic solvent indicating solute-solvent interaction. This may be due to the decrease in number of free ions, showing the occurrence of ionic association due to solute-solvent interaction.
